Purpose: To study the anatomical relationships of the anterior segment of the eye, using ultrasound biomicroscopy in patients with chronic simple glaucoma and nonglaucomatous eyes, after mydriatic and cycloplegic instillation.
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INTRODUCTION
The advent of ultrasound biomicroscopy (UBM) expanded echographic studies in vivo of the anterior segment structures of the eye and their anatomical relationships with maximum depth at the ciliary body, peripheral retina and vitreous 1, 2 . The UBM examination using a 50 MHz transducer, allows a 5 mm penetration but with a 37 µm microscopic resolution 3 . The UBM technique turned to be useful in research and clinical practice of glaucoma, because serial observations of different stages of the disease can be obtained 4 . Extending this method to glaucomatous eyes allows to Effect of mydriatic and cycloplegic drugs in glaucomatous and nonglaucomatous eyes using ultrasound biomicroscopy get a view and to measure the relationship between the anatomical structures of the anterior segment among these eyes, since the cause of several types of glaucoma is a structural component and possibly may be explained using this technique 5 . The mydriatic and cycloplegic solutions have been used for pupil dilation as a routine in ophthalmic practice. It is therefore significant to note that these drugs also have the ability to raise the intraocular pressure (IOP) in eyes with open angles specially when they are glaucomatous. Some eyes with open angle glaucoma may develop increased intraocular pressure while under mydriasis even though no angle narrowing occurs. No matter what the true mechanism of this response, it is obvious that significant increases in intraocular pressure under cycloplegia are not the province of angle closure glaucoma alone 6 . The objective of this study is to evaluate, by means of ultrasound biomicroscopy, the anterior segment of the eye of the patient with chronic simple glaucoma and nonglaucomatous eyes after mydriatic and cycloplegic instillation.
PATIENTS AND METHODS
Sixty eyes were selected and divided into two groups: group G consisting of 30 eyes with chronic simple glaucoma (CSG) and group NG, consisting of 30 nonglaucomatous eyes. Group G presented IOP ≥21 mmHg; open and wide anterior chamber angle; alterations of the optic disk and visual field; and was under recent medical control with 0.5% timolol maleate eyedrops associated or not with 2% pilocarpine chlorhydrate eyedrops. Patients of both groups were white and their irises were brown. The protocol of this investigation was approved by the Medical Ethics Committee of the Federal University of São Paulo, Brazil.
Patients were excluded when they presented: evidence of diseases which would alter pupillary response; high risk of CSG: IOP without clinical control; and/or excavation/disk ratio equal to or higher than 0.8; and/or unilateral amaurosis and/or extensive glaucomatous damages in the visual field; severe hypertension, arrhythmia, hyperthyroidism, myocardiopathies and arteriosclerosis; hypersensitivity to the used drugs; corneal abnormalities; previous eye surgeries; ametropia over 7 diopters in spherical equivalent; lack of cooperation during the examinations.
Patients using topical 0.5% timolol maleate discontinued the drug during 4 weeks while those using topical 2% pilocarpine chlorhydrate, one week previous to UBM. Two solutions were used for pupil dilation: 1% tropicamide and 1% tropicamide plus 10% phenylephrine chlorhydrate. One drop of each solution was instilled in each eye and was repeated once after ten minutes. All the examinations were made after 30 minutes of the first drop.
An UBM system model 840 (Humphrey Instruments Inc.) with a 50 MHz transducer was used to carry out the UBM examinations. All the examinations were made under indirect light, with a 15V -15 W light source. The patient was submitted to a previous UBM examination (Prev) without drug instillation. On the same day, after using 1% tropicamide, a second examination was carried out (C1). A week later, a third UBM examination (C2) was performed after using 1% tropicamide plus 10% phenylephrine.
The images obtained by the UBM examinations were recorded for later analysis and measurements of the following structures ( Figure 1 ): 1. Anterior chamber depth, in micra (µm), measured in the central region, corresponding to the axial distance between the echo of the endothelial surface of the cornea and the anterior capsule of the lens 2 . 2. Contact of the iris with the anterior capsule of the lens, in µm, measured clockwise in the 12, 3, 6 and 9 regions 2 . 3. Iris-zonule distance measured clockwise in the 12, 3, 6 and 9 regions, in µm, tracing a perpendicular straight line between the iris epithelium and the anterior zonule, at its junction with the ciliary process.
Friedman's test was used for group G and group NG, to compare the variables of the Prev, C1 and C2 examinations and the 12, 3, 6 and 9 regions for each examination. Mann-Whitney's test was applied to compare groups G and NG regarding the variables studied by the Prev examination 7 . Level of significance was p<0.05.
RESULTS
Group G consisted of 30 eyes of 17 patients with CSG, age ranged from 43 to 78 years with a mean of 63 years. Nine patients were males and eight females. Ametropia ranged from -4.38 to +3.50 Sph and there was no cylinder greater than -2.75 diopters. Group NG consisted of 30 nonglaucomatous eyes of 16 patients, age ranging from 38 to 73 years with a mean of 60 years. Seven patients were males and nine females. Ametropia ranged from -4.0 to +2.62 Sph and there was no cylinder greater than -1.25 diopters.
No significant difference was found (Mann Whitney test, p>0.05) between the anterior chamber depth of groups G and NG at the previous examinations (Prev). A significant increase in the anterior chamber depth of both groups was observed (Friedman test, p<0.05) when comparing the previous examination (Prev), with the examination after instillation of 1% tropicamide (C1) and after instillation of 1% tropicamide plus 10% phenylephrine chlorhydrate (C2) ( Table 1) .
No significant difference of the iris-lens contact and iriszonule distance was observed (Mann Whitney test, p>0.05) between the groups G and NG in the 12, 3, 6 and 9 regions at the previous examination (Prev). A statistically significant decrease in iris-lens contact and iris-zonule distance in the 12, 3, 6 and 9 regions was observed in the studied groups, comparing the previous examinations (Prev), with those using 1% tropicamide (C1) and with those using 1% tropicamide plus 10% phenylephrine chlorhydrate (C2) and also on comparison of the two latter (Friedman test, p<0.05) ( Table 2 and 3) .
There was no significant difference between the measurements of ocular structures, such as, iris-lens contact and iriszonule distance at the previous examinations (Prev), with 1% tropicamide (C1) and with 1% tropicamide plus 10% phenylephrine chlorydrate (C2) in the 12, 3, 6 and 9 regions of each studied eye (Friedman test, p>0.05). . This technique allowed to define the profile of the anterior chamber extension. The measurement of the anterior chamber depth is not restricted to the axial position and corresponds to any point from the endothelial face to the sur-face of the iris or lens 5 . In this study, the axial anterior chamber depth was similar in the previous examinations (Prev) of groups G (mean, 3046 µm) and NG (mean, 3019 µm). This result agrees with that found in nine normal individuals in which the axial measurement of the anterior chamber depth using UBM was 3128 ± 372 µm 2 . An increase in the anterior chamber depth was observed by the UBM technique after the use of mydriatics and cycloplegics in groups G and NG, corroborating the findings of the literature 8 . But the difference of the anterior chamber depth between the examinations with 1% tropicamide (C1) and with 1% tropicamide plus 10% phenylephrine chlorydrate (C2) was not significant. In the investigated literature, no studies using a similar method which would allow a comparison with our results were found.
The iris is positioned on the lens at the pupillary border and this contact area may be measured using UBM examination. However, any space which may exist between the iris and the lens is too small to be detected 9 . On the other hand, the aqueous humor could not escape from the posterior chamber of the eye if there would be a constant iris-lens contact in all meridians. It is assumed that the iris-lens separation is well below the power of resolution of the equipment used in the UBM and, therefore, is not observed 10 . In this study, no significant difference of the iris-lens contact was observed in the 12, 3, 6 and 9 regions between the groups G (mean, 1297 µm) and NG (mean, 1206 µm) at the previous examinations (Prev). Such results are similar to those found in nine normal individuals in which the iris-lens contact using UBM technique was 1388 ± 370 µm 2 .
Regarding the iris-lens contact, the response to the use of mydriatic and cycloplegic drugs was greater after the use of 1% tropicamide plus 10% phenylephrine chlorydrate in both groups (C2). These results agreed with those of the literature, reporting that when mydriasis increases, the area of the posterior face of the iris in contact with the lens capsule decreases. On the other hand, cycloplegia reduces convexity and thickness of the lens 11 . The iris-zonule distance limits the compartment formed by the posterior face of the iris, cilliary body, anterior zonule and anterior capsule of the lens. The iris-zonule distance was similar in the previous examinations (Prev) in groups G (mean, 605 µm) and NG (mean, 626 µm). Such results are similar to those found in normal eyes in which the measurement of the iris-zonule distance with the UBM technique was 671 ± 124 µm 2 .
In this study, images with the same conditions of the examinations were used and measured in several regions of the eye by the same observer. There was no significant difference between the measurements of ocular structures, such as, iris-lens contact and iris-zonule distance at the previous examinations (Prev), with 1% tropicamide (C1) and with 1% tropicamide plus 10% phenylephrine chlorydrate (C2) in the 12, 3, 6 and 9 regions of each studied eye. The small differences may, on the other hand, show the dynamics of the mydriatic and cycloplegic status between the several regions of the eye at the same examination. The variable of the anterior chamber depth was measured only in the axial position but all the previous conditions established for each examination were observed.
The results obtained in this investigation agreed with gonioscopic and histological findings of the literature, corroborated the pharmacological and biomechanical action of the studied mydriatic and cycloplegic drugs as well as allowed a dynamic and quantitative evaluation of the anatomical relationships of intraocular structures in normal and glaucomatous eyes.
The UBM equipment is valuable in the conduction of clinical investigation of glaucoma. Eyes under cycloplegia whose angles remained open but whose intraocular pressure rose also displayed a simultaneous decrease in outflow facility. Some authors speculated that such a decrease in aquous outflow values produced by cycloplegia is due to decrease in the tonus of the ciliary muscle 6 . However, in this study, no anatomical difference was observed between the anterior segment of glaucomatous and nonglaucomatous eyes after mydriatic and cycloplegic instillation. 
